Background: Treatment with growth hormone (GH) is standard clinical practice in children with GH deficiency (GHD) or Turner syndrome (TS). Hitherto, no long-term data on auxological outcome and safety of Zomacton ® have been published. Data comparing needle-free administration (NF) and needle injection (NI) of GH are very sparse. Aims: To analyse longitudinal auxological outcome and safety data of GH treatment-naïve patients diagnosed with GHD or TS and to compare NF and NI in a real-life setting. Methods: Pooled auxological data and safety information from three consecutive prospective observational Zomacton ® studies covering 22 years of treatment were analysed and NF was compared to NI. Results: The safety cohort comprised 1,595 patients who received at least one GH dose. The auxological outcome cohort comprised 856 treatment-naïve patients with followup data ≥12 months. Height-SDS and height velocity improved significantly during the first 3 years of treatment. Documented choice of device was available for 658 patients (NF 69.1%, NI 30.9%). NF administration was non-inferior to NI. No previously unknown safety signals occurred. Conclusion: Real-life data show that treatment with Zomacton ® improves auxological outcome parameters without new safety concerns. NF administration of GH represents a useful alternative to NI in children with growth disorders.
Introduction
Recombinant human growth hormone (GH) treatment has become standard clinical practice in children with GH deficiency (GHD) over the last decades. The
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DOI: 10.1159/000496614 main objective of GH therapy is to optimise growth during childhood and adolescence with the aim of achieving an adult height within the population-specific normal ranges [1] . Over the last 30 years, several products have been approved for the treatment of GHD and other growth disorders such as Turner syndrome (TS), and have been proven to be effective [2] as well as generally safe [3] .
Treatment with GH involves daily injections, which may entail low therapy adherence and persistence due to needle anxiety or injection pain [4] . Zomacton ® (somatropin; Ferring Pharmaceuticals), which has been approved for the treatment of GHD since 1992 and for TS since 2001, can be injected using a needle-free (NF) transjection device. Persistence with GH therapy has been shown to be significantly longer in patients using NF compared to needle-based injection (NI) devices [4] . However, it has not been investigated whether there are differences between the groups regarding treatment outcome and safety. In general, long-term data on Zomacton ® have not been reported before. In particular, data on transjected GH are very sparse.
To obtain data from a real-life setting, a pooled analysis was performed of the data from three hitherto unpublished, prospective observational studies, consecutively conducted over a 22-year period. The main objectives of the analysis were to examine the auxological outcomes including height, height velocity (HV), and their standard deviation scores (SDS) after 12, 24, and 36 months of therapy as well as the safety of Zomacton ® treatment in a group of GH treatment-naïve paediatric patients diagnosed with GHD or TS, and to compare these parameters between patients using the NF or NI devices.
During the 22-year time period of data acquisition, changes were made to the German diagnostic guidelines for GHD [5] . One significant change was the introduction of sex steroid priming at the end of 2008. Generally, GH secretion is low in early puberty, making it difficult sometimes to differentiate GHD from constitutional delay of growth and puberty (CDGP) [6] . Administration of sex steroids prior to GH stimulation tests is thought to improve the specificity of diagnosis and reduce false-positive diagnoses. Since November 2008, therefore, the German diagnostic guidelines on GHD have recommended priming with sex steroids before GH tests in prepubertal boys ≥10 years and prepubertal girls ≥8 years of age. The present analysis thus also aimed to determine whether this guideline recommendation had an influence on diagnosis and treatment decisions.
Materials and Methods

Study Design and Treatment
Data of patients from three hitherto unpublished, consecutive Zomacton ® observational studies were evaluated in a pooled analysis. Data acquisition was conducted at 71 children's hospitals and specialist endocrinology clinics as well as private practices in Germany between December 1994 and July 2016. Prior to study initiation, approval was obtained from the ethics committee of the medical faculty of Christian-Albrechts University (CAU), Kiel, Germany. The studies were conducted in accordance with Section 67 (6) of the Medicinal Products Act (AMG). Public disclosure took place under ClinicalTrials.gov ID No. NCT01365351. Patients enrolled in the studies were infants, children, and adolescents receiving treatment with Zomacton ® who had written informed consent provided by their parents or legal guardians and were either GH-naïve or already being treated with GH at study entry.
The three observational multi-centre studies aimed to collect data on treatment outcome and safety under routine conditions. Based on the principles of non-interventional studies, no directions for treatment were given and all data relating to diagnoses and biochemical measurements were based on reporting from the participating investigators.
Zomacton ® 4 mg (corresponding to 1.3 or 3.3 mg/mL, depending on the preparation) and Zomacton ® 10 mg/mL were prescribed by the physicians. According to the Zomacton ® Summary of Product Characteristics (SmPC), daily injections could be administered subcutaneously or intramuscularly into the upper arm, thigh, abdomen, or buttock. In consultation with their physicians, patients and their parents or legal guardians were free to choose the type of delivery device, i.e. either an NI device (needle injection or needle pen) or an NF device (ZomaJet ® ). Baseline demographics and patient characteristics were obtained immediately before initiation of Zomacton ® treatment and included known auxological measurement values, patient and family medical history, and the clinical and paraclinical diagnoses. Follow-up data were collected during check-up visits at 1, 3, 6, and 12 months after treatment start and every 6 months thereafter until the end or discontinuation of therapy.
Because sex steroid priming was introduced into the German diagnostic guidelines as a recommendation at the end of 2008 [5] , children with GHD were divided into two subgroups, depending on the time at study inclusion: before or after 2009, i.e. before or after the guidelines introduced the recommendation for sex steroid priming.
Patient Cohorts
The following cohorts were analysed: (1) a safety cohort comprising all patients enrolled in the studies (n = 1,595), (2) an auxological outcome cohort comprising only Zomacton ® -treated GHD or TS patients who were GH treatment-naïve at study entry and had follow-up data for at least 12 months (n = 856), and (3) a device cohort that included those Zomacton ® -treated patients whose exact delivery device was known (n = 658). Auxological outcomes were divided into three age groups (≤5 years, > 5 to 10 years, > 10 years). The near-adult height (NAH) cohort included all GH-treated patients of the auxological outcome cohort who fulfilled the following criteria: chronological age (CA) ≥14 years for boys and ≥12 years for girls and Needle-Free and Needle-Based GH Therapy in Children available data on at least one of the following: HV < 2 cm/year or bone age (BA) ≥16 years for boys and ≥14 years for girls (n = 122).
Objectives and Outcome Measures
The primary study objective was to assess the auxological outcome and safety of long-term Zomacton ® treatment in paediatric patients in routine clinical practice and to compare data for NI versus NF administration devices.
Auxological outcomes included HV, the SDS of height (H-SDS) and HV (HV-SDS) as well as ΔH-SDS after 12, 24, and 36 months of therapy (calculated as difference in H-SDS between the end of each interval and baseline). Further outcomes included body mass index (BMI) SDS, BA, development of puberty, and serum concentrations of insulin-like growth factor-I (IGF-I).
Height and weight were converted to SDS using the German reference values reported by Kromeyer-Hauschild et al. [7] , and HV values according to Brandt and Reinken [8] . BA readings were performed according to the method of Greulich and Pyle [9] . BA retardation was calculated as BA minus CA. Puberty was assessed using the Tanner Sexual Maturity Scale for boys [10] and girls [11] . Male and female patients exhibiting G1 and B1 stages of physical development, respectively, were classified as prepubertal and those with ≥G2 and ≥B2 as pubertal.
NAH was expressed as a percentage of target height according to Tanner using the mid-parental height formula (Height mother + Height father )/2 + 6.5 cm for boys, or − 6.5 cm for girls. Furthermore, NAH-SDS and ΔNAH-SDS (height gain) to baseline were calculated.
Safety outcomes included adverse drug reactions (ADRs) and all serious adverse events. Events were classified by MedDRA Preferred Term/System Organ Class (SOC).
Statistical Analysis
Due to the non-interventional nature of the studies, various data are missing for some patients and therefore cohort sizes vary between specific analyses.
Statistical evaluation mainly employed basic descriptive statistics. For qualitative variables, absolute and percent frequencies were given. Devices were compared to ADR occurrence in contingency tables and were tested for association using the χ 2 test or, if the expected frequencies proved too low, Fisher's exact test was applied. Quantitative variables were presented as mean with standard deviation (SD), in certain cases together with the 95% confidence interval, minimum and maximum values, and quartiles. They were tested for normal distribution using the KolmogorovSmirnov test. In case of significant deviations from normal distribution, two subgroups each were compared using the MannWhitney U test; otherwise, the independent samples t test was used. To check whether BMI SDS changed over time, comparisons to baseline were performed using the matched pairs t test for GHD and TS patients separately. Repeated measures analysis of variance (ANOVA) was used to check H-SDS and HV-SDS values for significant change over time, with GHD patients and TS patients being analysed separately. In case of global significant effects, linear contrasts were calculated for pairwise comparisons between time points. For the GHD group, sex was additionally included as a possible influencing factor. To evaluate whether age at inclusion or age at pubertal onset in GHD patients changed over the 20-year observation period, linear regression analyses were used.
Statistical tests were performed two-sided at a significance level of 5%. Due to the descriptive nature of the present analysis, no alpha adjustment for multiple testing was applied, and the results were interpreted accordingly. Statistical analyses were undertaken using IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA).
Results
Patient Demographics and Baseline Characteristics
Overall, 856 patients were included in the auxological outcome cohort. Patient demographics and baseline characteristics are summarised in Table 1 .
Most patients (92.3%) had GHD; the remaining 7.7% were patients with TS. The proportion of male patients (66.3%) was higher than that of females in the GHD group. As expected, all patients with TS were female. The mean age at start of observation was 9.21 years (males, 9.42 years; females, 8.87 years). The study cohort comprised children of all ages from < 1 year up to nearly 18 years. Children aged > 10 years made up the largest group (46.1%). The mean starting dose of Zomacton ® was 28.63 µg/kg/day in patients with GHD and 41.62 µg/kg/day in patients with TS. Dosages increased slightly from study initiation to the visit at 12 months.
Age distribution of GH patients was analysed by inclusion date, i.e. before 2009 (no guideline recommendation for priming; n = 333 males; n = 150 females) and after 2009 (priming recommended by the guideline; n = 191 males; n = 116 females). Analysis of the pre-2009 data shows two age peaks at treatment initiation. These two age peaks lost their distinct shape after the guideline change (Fig. 1a) , particularly in the male group, where the later age peak practically disappeared. Median age of male and female GH patients was 10.49 and 9.93 years, respectively, before the guideline recommendation for sex steroid priming was introduced. After the guideline was changed, respective median ages dropped significantly to 8.22 years in males (Mann-Whitney U test, p = 0.005) and 8.70 years in females (Mann-Whitney U test, p = 0.001).
The median baseline age of TS patients was 7.86 years. However, more than 20% of patients were diagnosed after the age of 11 years (Fig. 1b) .
Over the 22-year observation period, there was a significant decrease in age at baseline in the overall GHD cohort. Age at study enrolment decreased significantly by 0.105 years per year (linear regression analysis, p < 0.001; regression equation: y = 10.5 -0.11x) (Fig. 1c) .
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Auxological Outcome Height Parameters Baseline H-SDS (mean ± SD) values were -2.46 ± 0.81 and -2.68 ± 0.98 in GHD and TS patients, respectively. GHD and TS patients exhibited parallel growth, but the H-SDS increment was significantly greater in GHD patients than in TS patients (p = 0.012; Fig. 2a) . Respective H-SDS values improved to -1.99 ± 0.81 and -2.28 ± 1.04 after 12 months of treatment and to -1.51 ± 0.80 and -1.97 ± 1.12 after 36 months. There was a significant increase in H-SDS over the first 3 years of treatment (repeated measures ANOVA, p < 0.001).
H-SDS values showed a significant increase at each follow-up time point compared to the previous year (linear contrasts, p < 0.001). In the GHD group, no significant influence of sex on the change in H-SDS was noted (p = 0.127).
Mean HV ± SD baseline values were 4.98 ± 2.12 and 5.74 ± 2.77 cm/year in GHD and TS patients, respectively. After 12 months of treatment, respective HV values improved to 8.22 ± 2.07 and 7.68 ± 2.20 cm/year (Fig. 2b) . Mean HV-SDS reflected the development of HV over time, showing a sharp increase during the first 12 months of GH treatment and subsequent decline in both GHD and TS patients, yet always remaining above 0 HV-SDS. HV-SDS exhibited a significant change during the first 3 years of treatment (repeated measures ANOVA, p < 0.001). This effect (change) could be considered strong, with η = 0.221. HV-SDS values showed a significant increase over baseline at 12 months (linear contrasts, p < 0.001), after which time the HV-SDS values decreased again but remained significantly above HV-SDS baseline at all follow-up points (p < 0.001; Fig. 2c ). The GHD group showed no significant sex difference.
Analysis of GHD patients by age group revealed that the greatest treatment effect in terms of ΔH-SDS (differences in height from baseline, calculated for each treatment interval) occurred in patients aged ≤5 years during the first treatment year (0.66 ΔH-SDS). By contrast, first-year treatment effect was lowest in patients aged > 10 years (0.32 ΔH-SDS). During the second and third years of GH treatment, the effect decreased across all age groups (Fig. 3 ).
Near-Adult Height During the observational period, 114 GHD patients met the criteria for NAH, which was a median of -1.3 SDS in males and -1.4 SDS in females, corresponding to 95.9 and 96.9%, respectively, of the median target heights according to Tanner (Table 2) . Of the TS patients, 8 patients met the criteria for NAH; however, this subgroup was too small for reliable analysis.
Statistical analyses revealed a significant positive correlation of moderate strength between NAH and age at NAH for both male and female GHD patients Body Mass Index Before GH therapy, mean BMI SDS in GHD (-0.39 ± 1.11) and TS (0.01 ± 0.98) patients were comparable to normal children [12] . BMI SDS decreased between treatment start and 12 months in both GHD (-0.44 ± 1.10 SDS; two-sided t test, p = 0.008) and TS (-0.07 ± 0.93 SDS, ns) patients. Subsequently, BMI SDS increased again to -0.30 ± 1.12 in GHD patients and 0.38 ± 0.87 in TS patients at 36 months but remained within the normal range.
Bone Age At the start of GH therapy, BA was delayed relative to CA, with respective mean delays of 2.05 ± 1.27 years and 1.53 ± 1.20 years being noted in GHD in TS patients. The difference between BA and CA decreased after 12 months of treatment (GHD, 1.58 ± 1.3 years; TS, 1.12 ± 1.42 years), but BA delay persisted throughout the observation period. Near-adult height (NAH) by chronological age of patients with growth hormone deficiency meeting the following criteria: chronological age ≥14 years for boys and ≥12 years for girls and height velocity < 2 cm/year and/or bone age ≥16 years for boys and ≥14 years for girls. Pubertal Development Most children were prepubertal, i.e. G1 (boys) and B1 (girls), when they started GH therapy; 86.1% of boys and 79.1% of girls with GHD had not yet entered puberty, whereas 93.9% of TS patients were prepubertal. Over the course of the study, most patients entered puberty; respective mean ages at onset of puberty (≥G2/B2) in boys and girls with GHD were 12.84 ± 1.78 and 11.89 ± 1.46 years. Mean age at onset of puberty in TS patients was 12.84 ± 1.72 years, be it spontaneously or medically induced. Mean age at menarche was 13.8 ± 1.14 years and 14.95 ± 1.41 years in girls with GHD and TS, respectively.
In the GHD cohort, there was a slightly decreasing trend of 0.013 years per year in age at onset of puberty during the 22-year observational period (linear regression analysis, p = 0.368; regression equation: y = 12.6 − 0.01x; Fig. 5 ).
IGF-I Serum Concentrations
After 12 months of GH treatment, median increase in serum IGF-I concentrations was more than 1.9-fold in GHD patients and more than 1.8-fold in TS patients. This effect was seen across all three age groups (≤5 years, > 5 to 10 years, and > 10 years).
NI versus NF Devices
Choice of delivery device was documented for 658 patients, of whom 69.1% opted for an NF device while the remaining 30.9% chose an NI device. Patients opting for NF administration were slightly younger than those opting for NI administration (8.57 ± 3.42 vs. 9.62 ± 3.34 years). No difference in choice of device was observed between the sexes.
In GHD patients, growth parameters showed no significant differences between NI and NF administration. Mean ΔH-SDS and HV-SDS were comparable at all time points (Fig. 6a, b ). There were also no significant differences between NI and NF administration regarding NAH and the percentage of target height according to Tanner for both boys and girls (Table 2) .
Similarly, analysis of the TS patients' auxological data revealed no significant differences between NF and NI administration. Due to the small number of cases and the ensuing high level of data variability, no figure is shown.
IGF-I serum concentrations, however, exhibited a significant difference between NF and NI administration in GHD patients aged ≤5 years. In this age group, NF administration (n = 42) was associated with a 2.5-fold median increase in IGF-I levels, while the corresponding increase with NI administration was only 1.3-fold (n = 15; Mann-Whitney U test, p = 0.014). No significant differences between administration devices were observed in the other age groups (Fig. 7) .
Safety
Overall, 199 ADRs were reported in 147 (9.2%) patients of the safety cohort (n = 1,595). Among patients with GHD and TS, 8.3 and 8.5%, respectively, experienced ADRs. Most frequently reported (n ≥10) ADRs by SOC were general disorders and administration site conditions (n = 74), nervous system disorders (n = 45), and musculoskeletal, connective tissue and bone disorders (n = 22). ADRs reported in ≥1% of patients were headache (2.4%) and haematoma (3.2%). Type 1 diabetes mellitus was reported in 1 patient. There were no reports of tumour development, and no patient died during the study period.
Generally, slightly more ADRs were reported in patients using NF devices (7.8%) than in those using NI devices (5.3%) but the difference was not significant. Haematomas were reported significantly more frequently after using an NF device (2%) compared to an NI device (0%) (Fisher's exact test, p = 0.005). 
Discussion
This pooled analysis of three hitherto unpublished, consecutively conducted, prospective, observational studies of Zomacton ® (somatropin) in GH treatment-naïve paediatric patients with GHD or TS compared the auxological outcome and safety of NF and NI devices. To our knowledge, this is the largest study of this type to date. Overall, the combined results from the three studies, which were conducted over a 22-year period, show that treatment with Zomacton ® improves the auxological outcome in children with GHD or TS. This is in line with previous findings that GH replacement with Zomacton ® normalises linear growth [13, 14] . Furthermore, treatment with an NF device was found to be non-inferior compared to an NI device.
The first treatment year is crucial, as it is indicative of overall future height gain, not only in children with GHD [15] but also in those with TS [16] . As expected, catch-up growth after start of GH therapy in the present study occurred mainly in the first year of treatment, similarly to other published database studies [17, 18] . Baseline mean age of our GHD cohort was 9.30 ± 3.44 years, with patients aged > 10 years representing the largest age group (47.1%). This must be taken into consideration when comparing overall auxological outcomes in our study with other studies, since CA at start of GH therapy is a predictive factor for first-year treatment response [19] . Start of GH therapy after the age of 12 years and/or after the onset of puberty is considered a late start. Published data indicate that growth response to GH treatment is markedly reduced in older children, especially in those with idiopathic GHD [20] . This is in accordance with our data, which show that GH treatment in the first year leads to less improvement in H-SDS in GHD patients aged > 10 years, i.e. the largest age group in our study, and to the greatest effect in patients aged ≤5 years, who gained 0.66 SDS in height and 4.77 SDS in HV. The growth response is comparable to other studies in prepubertal GHD patients [17, 18, 21, 22] .
Thus, the earlier GH is diagnosed and GH treatment is initiated, the better the treatment outcome. Hence, it is encouraging that age at baseline decreased significantly over the 22-year observational period of this study, suggesting that in recent years there has been considerable progress in diagnostic testing for GHD and diagnosing children at an earlier age.
Age at pubertal onset also exhibited a decreasing trend of 0.013 years per year in our GHD cohort, confirming a secular trend over the 22-year observational period. Age at menarche in girls with GHD was 13.8 ± 1.14 years, i.e. about 1 year later than in the general population (12.8 years) [23] . Mean age at pubertal onset (≥G2/B2) was 12.8 years for boys and 11.9 years for girls in our GHD cohort, showing that the onset of puberty was delayed compared to the normal population (11.46 and 9.95 years, respectively) [24] . Therefore, it cannot be precluded that a considerable number of patients, especially in the earlier studies, may have had a CDGP. This is in good agreement with data from the French registry, which also showed that onset of puberty was delayed in patients with idiopathic GHD, with the conclusion that many of these GH-treated patients had CDGP [25] .
During the 22-year period of data acquisition, the German diagnostic guidelines for GHD underwent changes, which may have affected the parameters investigated in our study. One significant change consisted in the introduction of sex steroid priming in 2008. Generally, GH secretion is low in early puberty, making it difficult sometimes to distinguish between GHD and CDGP [6] . Administration of sex steroids prior to GH stimulation tests is considered to improve the specificity of diagnosis and reduce false-positive diagnoses. In November 2008, the German diagnostic guidelines introduced the recommendation for sex steroid priming prior to provocative GH testing in prepubertal boys aged ≥10 years and in prepubertal girls aged ≥8 years [5] . This differs somewhat from the American guidelines, which recommended sex steroid priming in prepubertal boys and girls aged > 11 and > 10 years, respectively [26] . To ascertain whether the guideline changes influenced diagnosis, we divided children with GHD into two groups based on study inclusion before or after 2009, i.e. before or after the recommendation for sex steroid priming was introduced. The results suggest that after 2009, the proportion of pubertal children diagnosed with GHD was lower than before 2009. Both girls and boys diagnosed with GHD and included in the study before 2009 were significantly older (median age 10.36 years) than those included after 2009 (8.56 years). This supports the suggestion that before 2009 more children with CDGP may have been misdiagnosed with GHD. Thus, the recommendation to perform sex steroid priming before GH stimulation may have improved diagnostic accuracy, which is in accordance with several studies showing that priming enhanced diagnostic efficiency [27] [28] [29] . As reported previously [25] , our data support that the presence of a bias in the auxological data from earlier studies cannot be precluded, since height improvement could also have been due to children with constitutional developmental delay receiving unnecessary GH treatment. Therefore, results of uncontrolled studies and databases must be interpreted critically, especially when untreated control groups are lacking. It is commonly assumed that NAH is reached when HV slows to below 2 cm/year and/or BA has reached 16 years in boys and 14 years in girls [30] . In our analysis, NAH was considered to have been attained if at least one of the two criteria was fulfilled, and notably, the majority of our patients who met the NAH criteria achieved a final height within the normal range comparable to other longterm studies of GHD [31] . Statistical analysis revealed a moderate, yet significant correlation between NAH (cm) and age at NAH. These results indicate that children with GHD achieve greater NAH if criteria for NAH are met later during adolescence. However, there is considerable inter-individual variability in the growth potential of adolescents, and the decision to stop GH treatment may be premature if based solely on these criteria. It is possible that study patients who met the criteria for NAH at an early age (e.g., girls aged 12 or 13 years) still had growth potential. Therefore, the decision to stop GH treatment should be based on a multifactorial approach.
The TS cohort had a mean age of 8.06 ± 3.74 years, with patients aged > 5 to 10 years representing the largest age group (42.4%). In TS patients, GH dose and age at treatment initiation are among the most important factors for a successful outcome [32, 33] . The current therapeutic guidelines for TS patients recommend an early start of GH treatment after the age of 2 years as soon as height falls below the third percentile of the growth chart for healthy females [34] . Our data are in accordance with Simm et al. [35] , suggesting that more than 20% of TS patients are diagnosed only after the age of 11 years. These patients will possibly have missed the opportunity of early GH treatment and the associated prospect of normalising height. In TS patients, pubertal onset occurred at age 12.84 ± 1.72 years, and age at menarche was 14.95 ± 1.41 years. TS in itself is characterised by gonadal failure due to streak gonads in many patients. Hence, delayed puberty is characteristic of TS patients. However, TS patients often receive oestrogen treatment to induce puberty and prevent delay in pubertal development [36] , and therefore, the data are unlikely to represent spontaneous onset of puberty.
The mean starting dose of Zomacton ® in patients with TS was 41.62 µg/kg/day. Hence, TS patients were initially dosed lower than the approved dose, which according to the Zomacton ® SmPC is 0.05 mg/kg body weight for TS. These results show that there is still scope for improvement regarding the diagnosis and treatment of patients with TS. The starting dose of 28.63 µg/kg/day for GHD patients was in the upper range of the recommended dose for GHD, which according to the Zomacton ® SmPC is 0.02-0.03 mg/kg body weight. Dosages increased slightly from start of study to the visit at 12 months. These values are slightly higher than the-real life doses reported by Blankenstein et al. [37] , which are only in the medium GH dose range.
Several bioequivalence studies have compared the pharmacokinetics and pharmacodynamics of GH administration using NF and NI devices [38, 39] , but no other comparative study of similar size has been published so far. The results of our pooled analysis show that NF administration is non-inferior to NI in GHD patients as regards HV-SDS and ΔH-SDS in the first 3 treatment years DOI: 10.1159/000496614 as well as NAH, and thus are similar to the findings of a small 26-patient study [40] .
It is important to note that non-inferiority in our study does not represent equivalence. In the absence of an accepted scientific definition of a clinically relevant difference, clinical equivalence cannot be statistically proven. However, mean ΔH-SDS and HV-SDS were comparable between NF and NI administration devices at all time points. Regarding the increase in IGF-I serum concentrations at 12 months, however, there was a significant difference between the ≤5 years NF and NI groups of GHD patients, indicating an advantage for the NF device. Therefore, while it was not possible to demonstrate equivalence, this study showed that the use of NF devices was not associated with a worse outcome than the use of NI devices. NF devices are considered to improve patient adherence to treatment [41] , and the underlying jet-injection technology has been improved substantially over the last decades. By contrast, although modern needle-based pens may not cause any pain during injection, the psychological factors associated with the use of needles may persist. GHD patients' acceptance of needle-based devices may be low due to pain and needle phobia, leading to non-compliance. Adherence is, however, a central issue in GH therapy as low adherence to treatment has been found to be associated with significantly lower growth rates [41, 42] . NF devices may increase ease of use for selfinjecting children and thus improve adherence. Furthermore, allowing patients to choose a delivery device themselves has been associated with better treatment adherence [42] . In our study, 69.1% of patients used an NF device, but no information was collected as to whether devices were chosen by the patient themselves, their parents, or their prescribing physicians, and no adherence data were collected. Future studies should address these important issues when comparing and interpreting the two administration devices.
A strength of our study is that observational studies enable the collection and analysis of safety data from large numbers of patients treated in "real-world" clinical practice settings not usually represented in randomised controlled trials. Our analysis revealed no new safety signals, thus confirming an acceptable safety profile for GH therapy in patients with GHD or TS in clinical practice. Compared with NI, the use of an NF device was associated with a higher reporting of ADRs, particularly haematomas. This is in accordance with reports that jet injection is associated with a higher frequency of local reactions than injection by needle or syringe [43] [44] [45] . Although haematomas occurred more frequently with NF devices in our studies, the overall numbers of reported ADRs were very low with both types of devices, and potentially may not reflect the actual clinical situation. Owing to the observational study design, the collection of safety data relied on physician reporting of ADRs. It has been shown, however, that safety information collected during the postmarketing phase is often limited due to underreporting of ADRs [46] . According to Lopez-Gonzalez et al. [47] , possible causes of underreporting of ADRs include "ignorance" (the notion that only serious ADRs need to be reported), "insecurity" (regarding the actual drug-relatedness of an ADR) and "complacency" (the notion that only safe drugs receive marketing authorisation). Hence, it is likely that expected and common ADRs such as injection site reactions were subject to underreporting in the analysed data. During the 22-year observation period, no malignancies were reported under GH treatment. This is in line with the Pediatric Endocrine Society Drug and Therapeutics Committee's conclusion that "in children without known risk factors for malignancy, GH therapy can be safely administered without concerns about an increased risk for neoplasia" [48] . With regard to diabetes, only 1 case of type 1 diabetes was reported among the 1,595 patients of the safety cohort during the 22-year observational period. Based on an estimated national incidence rate of 22.9/100,000 person-years in German children aged 0-14 years [49] , no increased risk of developing diabetes type 1 under GH therapy was identified in our study.
Due to the characteristics of observational studies, several limitations may have impacted the results of our analysis. Most importantly, patients were not randomly enrolled and assigned to groups of equal size, and as discussed above in the context of ADR reporting, incomplete documentation of data is not infrequent in observational studies. Furthermore, the study included only a small number of patients with TS, thus limiting the statistical power of the analysis and, consequently, the conclusions that can be drawn from the results. However, while these limitations may impact some study results, the overall conclusions from our analysis are that GH treatment is safe and has improved growth parameters of children with GHD or TS over the last more than two decades and that NF administration devices are non-inferior to NI devices. This is an important factor as it offers patients a broader selection of injection devices with similar efficacies and therefore may improve treatment adherence and subsequent outcome. 
